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(57) ABSTRACT

A communication device, method, and data transmission
system are provided. An 1illustrative method 1s disclosed to
include at least one data port configured to enable data
transmission 1n compliance with a communication protocol.
The communication device 1s further disclosed to include an
Interpacket Gap (IPG) repair circuit configured to detect an
IPG 1interval within a data stream that violates an IPG
interval requirement defined by the communication protocol
and, 1n response to detecting the IPG interval that violates
the IPG 1interval requirement, perform an IPG repair on the
data stream and bring the IPG interval into compliance with
the IPG interval requirement.
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SYSTEM AND METHOD FOR PERFORMING
INTERPACKET GAP REPAIR FOR LOSSY
PROTOCOLS

FIELD OF THE

DISCLOSURE

The present disclosure 1s generally directed toward com-
munication systems and methods and, more specifically,

toward Physical Coding Sub-Layer (PCS) protocols.

BACKGROUND

Certain communication protocols require or define a
mimmum number of Interpacket Gaps (IPGs) to be sent by
a transmit-side Media Access Control (MAC) As an
example, the IEEE Ethernet requires a minimum IPG of 12
bytes to be sent by the transmit MAC. As the traflic traverses
the Reconciliation Sub-Layer (RS layer) and the Physical
Coding Sub-Layer (PCS layer), the 12 bytes of IPG may be
reduced down to a minimum, at the point where the traflic
1s sent along to the Media Dependent Intertace (MDI). This
mimmum degradation threshold of IPG loss 1s required to
facilitate end-to-end interoperability as the tratlic traverses
to the far end network remote device. As a more specific
example, for MII (10M/100M) and GMII (1G) Ethernet, the
mimmum IPG at the transmit MDI should be approximately
11 bytes. As another example, the XGMII, the minimum

IPG at the transmit MDI should be approximately 9 bytes.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present disclosure 1s described 1n conjunction with
the appended figures, which are not necessarily drawn to
scale:

FIG. 1 1s a block diagram depicting a data transmission
system 1n accordance with at least some embodiments of the
present disclosure;

FIG. 2 1s a block diagram depicting additional details of
a data transmission system in accordance with at least some
embodiments of the present disclosure;

FIG. 3 15 a block diagram depicting additional details of
a data transmission system in accordance with at least some
embodiments of the present disclosure;

FIG. 4 15 a block diagram depicting additional details of
a data transmission system in accordance with at least some
embodiments of the present disclosure;

FIG. 5 15 a block diagram depicting details of a port ASIC
in accordance with at least some embodiments of the present
disclosure:

FIG. 6 1s a block diagram depicting a transmit side of a
system 1nterface in accordance with at least some embodi-
ments of the present disclosure;

FIGS. 7TA-7C are block diagrams depicting a receive side
of a system interface i1n accordance with at least some
embodiments of the present disclosure; and

FIG. 8 1s a flow diagram depicting a method of perform-
ing IPG repair 1n accordance with at least some embodi-
ments ol the present disclosure.

DETAILED DESCRIPTION

The ensuing description provides embodiments only, and
1s not mtended to limit the scope, applicability, or configu-
ration of the claims. Rather, the ensuing description will
provide those skilled 1n the art with an enabling description
for implementing the described embodiments. It being
understood that various changes may be made 1n the func-
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2

tion and arrangement of elements without departing from the
spirit and scope of the appended claims.

It will be appreciated from the following description, and
for reasons of computational efliciency, that the components
of the system can be arranged at any location within a
distributed network of components without impacting the
operation of the system.

Furthermore, 1t should be appreciated that the various
links comnecting the elements can be wired, traces, or
wireless links, or any combination thereof, or any other
known or later developed element(s) that 1s capable of
supplying and/or communicating data to and from the con-
nected elements. Transmission media used as links, for
example, can be any suitable carrier for electrical signals,
including coaxial cables, copper wire and fiber opfics,
electrical traces on a PCB, or the like.

As used herein, the phrases “at least one,” “one or more,”
“or,” and “and/or” are open-ended expressions that are both
conjunctive and disjunctive 1n operation. For example, each
of the expressions “at least one of A, B and C,” *““at least one

of A, B, or C.,” “one or more of A, B, and C,” “one or more
of A, B, or C,” “A, B, and/or C.” and “A, B, or C” means
A alone, B alone, C alone, A and B together, A and C
together, B and C together, or A, B and C together.

The term “a” or “an” enfity refers to one or more of that
entity. As such, the terms “a” (or “an”), “one or more” and
“at least one™ can be used 1nterchangeably heren. It 1s also
to be noted that the terms “comprising,” “including,” and
“having” can be used interchangeably.

The term “automatic” and variations thereof, as used
herein, refers to any process or operation done without
material human input when the process or operation 1s
performed. However, a process or operation can be auto-
matic, even though performance of the process or operation
uses material or immaterial human nput, 11 the mput 1s
received belore performance of the process or operation.
Human input 1s deemed to be material if such mput influ-
ences how the process or operation will be performed.
Human 1nput that consents to the performance of the process
or operation 1s not deemed to be “material.”

The terms “determine,” “calculate,” and “compute,” and
variations thereot, as used herein, are used interchangeably
and include any type of methodology, process, mathematical
operation or techmque.

Various aspects of the present disclosure will be described
herein with reference to drawings that are schematic illus-
trations of i1dealized configurations.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be iterpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and this disclosure.

As used herein, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprise,” “comprises,” and/or “com-
prising,” when used in this specification, specily the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
The term “and/or” includes any and all combinations of one
or more of the associated listed 1tems.

2P ed
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Referring now to FIGS. 1-8, various systems and methods
for enabling data transmaission and protocol compliance will
be described. While particular embodiments will be
described in connection with facilitating communications
using a particular communication protocol (e.g., Ethernet), it
should be appreciated that embodiments of the present
disclosure are not so limited. For example, the methods and
systems described herein may be utilized 1n connection with
any type of communication protocol that defines a minimum
IPG or similar packet type.

The problem of IPG reduction is often imntroduced because
certain protocols require that Alignment Markers (AMs) are
to be periodically inserted into the traflic at fixed spaces or
intervals. The AMs help to maintain a synchronization
between the transmit side and receive side of the system. To
maintain a constant tratlic flow rate, the PCS sometimes
requires that an IPG be removed/deleted 1n proportion to the
amount of AMs that are inserted. This IPG removal/deletion
can cause a catastrophic event 1 care 1s not taken to repair
the IPG back to the minimum threshold amount.

One aspect of the present disclosure 1s to provide an IPG
repair function or circuit on the receive side of a data
transmission system. In some embodiments, the IPG repair
function operates on the incoming trathc and ensures that the
IPG 1intervals that violate a defined minimum threshold
amount are (1) detected and then (1) repaired by adding/
inserting the amount of IPG that increases the IPG to at least
the minimum threshold amount. In some embodiments, the
IPG repair function inserts precisely the amount of IPG
needed to increase the IPG back to the minimum threshold
amount.

In some embodiments, the IPG repair function detects, for
every interval in the trathic, whether the IPG 1s less than a
defined minimum threshold amount. Upon detecting an IPG
interval that 1s less than the defined minimum threshold
amount (e.g., less than 9 bytes), the IPG repair function adds
or mserts at least one IDLE column (e.g., four idle charac-
ters) directly after the detected IPG interval. This insertion
of at least one IDLE column repairs the IPG interval to
greater than or equal to the defined minimum threshold (e.g.,
back to at least 9 bytes).

One aspect of the present disclosure enables the IPG
repair function to perform the repair using a minimal,
in-band FIFO bufler. Use of an in-band bufler enables the
IPG repair function to repair the IPG interval violation
immediately upon detecting the violated IPG 1nterval. Some
advantages that can be realized by using the imn-band FIFO
bufler include a minimized latency and a reduced FIFO size.
Additionally, the FIFO pointer separation distances may be
resolved by employing an IPG window function that evalu-
ates the read/write pointers to determine (and to what extent)
additional IDLE columns are needed to be added. In some
embodiments, the IPG repair function may utilize a pro-
grammable IPG minimum threshold limit to allow the
flexibility to support various different types of PCS proto-
cols (whether standard or proprietary).

With reference now to FIG. 1, additional details of a first
data transmission system 100 will be described in accor-
dance with at least some embodiments of the present dis-
closure. The data transmission system 100 1s shown to
include two communication devices 108, each of which are
connected with a communication network 104. The com-
munication devices 108 may be considered to be commu-
nicatively coupled with one another via the communication
network 104. Although the communication devices 108 may
be provided as any type of machine or collection of com-
ponents, some non-limiting examples of a communication
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4

device 108 include a mobile phone, a smart phone, a
Personal Computer (PC), a laptop, a telephone, a tablet, a
server, a switch, or data storage device, etc. It should be
appreciated that one or both communication devices 108
may be user devices (e.g., devices that are carried and
utilized by a user) having a user interface. Alternatively, one
or both commumnication devices 108 may be servers,
switches, or other types of machines that are devoid of a
robust user interface. Said another way, the communication
devices 108 may correspond to any type of machine capable
of communicating with another machine via the communi-
cation network 104.

The communication network 104 may correspond to any
type of communication bus, collection of communication
devices, combinations thereof, or the like. As an example,
the communication network 104 may correspond to a
packet-based communication network. Even more specifi-
cally, the communication network 104 may correspond to an
IP-based communication network and may use communi-
cation protocols such as the Ethernet protocol. It should be
appreciated that the commumnication network 104 does not
necessarily need to be limited to an Ethernet-based commu-
nication network, but rather any interconnected collection of
computing devices using any type of communication pro-
tocol or combination of communication protocols may
qualify as the communication network 104. The communi-
cation network 104 may utilize wired and/or wireless com-
munication protocols.

With reference now to FIG. 2, additional details of a data
transmission system 200 will be described 1n accordance
with at least some embodiments of the present disclosure.
The data transmission system 200 may be provided as part
of a communication device 108, as part of a component of
a commumncation device 108, or as part of a component
within the communication network 104. As a non-limiting
example, the system 200 may be provided as part of a
networking adaptor within a communication device 108
(e.g., a component of the communication device 108 that
enables communications via the network 104). As such, the
system 200 may be provided on a network card or board
within a host device. In some embodiments, the system 200
1s configured to facilitate the transier of data from one
communication device 108 to another communication
device 108.

The system 200 1s shown to include a transmitter MAC
(TX MAC) 204, a transmitter PCS (TX PCS) 208, a receiver
PCS (RX PCS) 212, and a transmitter PHY (IX PHY) 216.
The TX MAC 204 1s shown to include an RS layer. A first
data path 220 1s shown to connect the TX MAC 204 with the
TX PCS 208. The first data path 220 may carry data traflic
of a first type. As a non-limiting example, the first data path
220 may carry XGMII traflic from the TX MAC 204 to the
TX PCS 208. The XGMII trathic flowing on the first data
path 220 may have any number of IPG intervals of various
sizes ranging from a first threshold value to a second
threshold value. As a non-limiting example, the XGMII
traflic, 1f compliant with IEEE 802.3 standards (e.g., trans-
mit MAC provides a mimmimum of 12 bytes of IPG) may
carry anywhere between 9 bytes and 15 bytes of IPG per IPG
interval, as a result of the Deficit Idle Counter (DIC).

The TX PCS 208 may process the data traflic received
from the TX MAC 204 and perform an AM 1nsertion process
on the received data trailic. As part of performing this AM
insertion process, the TX PCS 208 may remove one or more
IPG columns from an IPG interval. The TX PCS 208 may be
required to mnsert the AM intervals to facilitate port delin-
cation at the receive-side of the communication network




US 11,082,539 B2

S

104. Unfortunately, this process of inserting AMs into the
trailic may result in the removal of one or more IPG columns
from the traflic. As a non-limiting example, the TX PCS 208
may remove one or more IPG columns from the traflic,
which ultimately causes the data stream to violate a mini-
mum threshold amount of IPG for an IPG mterval. More
specifically, the minimum threshold amount of IPG for any
IPG interval may be 9 or more bytes. If an IPG interval 1n
the data traflic received at the first data path 220 only has 9
bytes of IPG to begin with, the TX PCS 208 could conceiv-
ably remove four bytes of IPG (e.g., an entire IPG column)
leaving the data stream with only 5 bytes of IPG. This may
correspond to a violation of a minimum threshold amount of
IPG bytes allowed for an IPG interval. Thus, the system
interface 224 between the TX PCS 208 and RX PCS 212
may carry data traflic 1n violation of the minimum threshold
amount of IPG per IPG interval. Embodiments of the present
disclosure provide an IPG repair function at the receive side
of the transmission system to correct this violation.

In particular, an IPG repair function may be provided to
correct data traflic between the RX PCS 212 and the TX

PHY 216 and/or before the data traihic 1s put onto the MDI
232. The IPG repair function provided 1n accordance with at
least some embodiments of the present disclosure enables
the RX PCS 212 to insert/add one or more IPG columns to
accommodate for the previous IPG column removal that was
made 1n connection with AM insertion. Without an IPG
repair function, following AM removal, the size of any given
IPG 1interval may possibly fall below the predefined mini-
mum threshold size.

With reference now to FIG. 3, additional details of a data
transmission system 300 will be described 1n accordance
with at least some embodiments of the present disclosure.
The system 300 may be similar to system 100 and/or 200.
The view of system 300 specifically shows a first port ASIC
304 and second port ASIC 316 1n communication with one
another via their respective PHY's 308, 312 and a network
interface 328. The network interface 328 may be similar or
identical to the MDI 232 shown 1n FIG. 2. Likewise, the
PHY's 308, 312 may be similar or identical to the TX PHY
216 shown 1n FIG. 2. Further still, the ASICs 304, 316 may
correspond to MACs, such as MAC 204, without departing
from the scope of the present disclosure.

FIG. 3 helps to illustrate the various clock domains of a
data transmission system 300 and depict further details of
the network interface 328. In particular, a first system
interface 320 1s shown between the port ASIC 304 and TX
PHY 308. The first system 1nterface 320 may correspond to
a USXGMII-M system interface. The network interface 328,
as mentioned above, may correspond to an example of an
MDI. In some embodiments, the network interface 328 may
correspond to a copper MDI, although any type of MDI or
media interface can be used without departing from the
scope of the present disclosure.

The network interface 328 1s shown to include a plurality
of signal lines 324a-N. The number N of lines 324 may vary
depending upon the communication protocol used within the
system 300. Each line 324 may be configured to carry a
different signal from a transmission side of the system 300
(c.g., the PHY 308) to the receiving side of the system 300
(e.g., the PHY 312).

The PHY 312 is shown to be connected to the port ASIC
316 by another system interface 320. The system 1nterface
320 on the receive side of the system 300 may be similar or
identical to the system interface 320 on the transmit side of
the system 300, although such a configuration 1s not
required.
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The transmit side 1s shown to operate using a first clock
domain 332, which 1s separate from the second clock
domain 336 1n which the receive side operates. The clock
domains 332, 336 are separated by the network interface
clock domain 340. In some embodiments, each clock
domain may be nearly synchronized with one another, but
may be driven by different processors or timing crystals,
which may have slightly different timing characteristics
from processors or timing crystals in the other clock
domains. Because of the differences 1n clock domains 332,
336, a clock-data recovery (CDR) circuit may be provided
on the recerver side of the transmission system. In systems
which place data from multiple ports onto a single wire,
AMs may be used to facilitate port delineation for the
receiver. As a non-limiting example, four AMs (e.g., AMO,
AMI1, AM2, AM3) may be inserted contiguously as a group
at a fixed spacing interval. In a simple case, the very first
66-bit encoded/scrambled block following AM3 1s assigned
to Port0, followed sequentially 1in ascending order with the
remaining blocks of the other ports; then the order 1s
repeated.

With reference now to FIG. 4, additional details of a data
transmission system will be described in accordance with at
least some embodiments of the present disclosure. The
components depicted in the system may correspond to
specific components included in a PHY. For instance, a
transmit side set of components 404 and a receive side set of
components 408 may each comprise a number of compo-
nents that facilitate the transmit-processing and receive-
processing of data streams 1n accordance with at least some

embodiments of the present disclosure. The sets of compo-
nents 404, 408 may be provided as part of a PHY 216, 308,
312, as part of an ASIC 304, 316, and/or as part of a MAC

204 without departing from the scope of the present disclo-
sure.

The transmit side set of components 404 1s shown to
include a number of transmit port MACs 412. Pairs of
transmit port MACs 412 may be connected with a rate
adaption circuit 416, which 1s configured to remove repli-
cation of data packets and perform other known rate-
adaptation processes. For instance, data may be replicated to
put one port to a slower rate (so that all rates of all ports
match for the port MUX and framing circuit 424). In some
embodiments, a first of the transmit port MACs 412 may
communicate with the rate adaptation circuit 416 using a
first protocol (e.g., XGMII) whereas the second of the
transmit port MACs 412 may communicate with the rate
adaptation circuit 416 using a second protocol (e.g., GMII
(10M/100M/1G)). The rate adaptation circuit 416 enables a
single port 420 to share information with a transmit port
MAC 412 using one of several different types of protocols
and helps to match the transmit rates of the various ports.
The transmit side set of components 404 1s also shown to
include a plurality of port PCSs 420 (e.g., one port PCS for
cach of the ports 0 thru N-1). The plurality of port PCSs 420
are connected to a common port multiplexer (MUX) and
framing circuit 424. The port MUX and framing circuit 424
may be configured to distribute different data packets among
the different transmit port PCSs 420.

The port MUX and framing circuit 424 may be configured
to receive a data stream from a Serializer/Deserializer
(SERDES) circuit 428, which 1s connected to a receive input
432. Thus, any data stream received at the input 432 may
first be processed by the SERDES 428, then provided to the
port MUX and framing circuit 424. Thereafter, the port
MUX and framing circuit 424 distributes the data traflic
among the various port PCSs 420.
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The receive side set of components 408 may be config-
ured to communicate with the transmit side set of compo-
nents 404 via an auto-negotiate circuit or set of circuits 440.
The auto-negotiate circuit or set of circuits 440 may be
configured to facilitate synchronization between the rate
adaption circuits 416 on the transmit side 404 and rate
adaptation circuits 416 on the receive side 408. The various
components on the receive side 408 may be similar to those
on the transmit side 404: however, the connection of com-
ponents may be reversed with respect to the transmit side
404. In particular, the receive port MACs 412 may be
provide a data stream to the ports PC Ss 420 via the rate
adaptation circuits 416. Again, each rate adaptation circuit
416 may have a pair of receive port MACs 412 connected
thereto. A first receive port MAC 412 may communicate
with the rate adaptatlon circuit 416 using XGMII whereas
the second receive port MAC 412 may communicate with
the rate adaptation circuit 416 using GMII (e.g., 10M/100M/
1G). In other words, the port MACs 412 connected to a
particular rate adaptatlon circuit 416 may utilize diflerent
protocols for communicating with the rate adaptation circuit
416 without departing from the scope of the present disclo-
sure. The various port PCSs 420 may be connected to a
common port MUX and framing circuit 424 that combines
the various inputs onto the SERDES 428 for the output line
436.

With reference now to FIG. 5, additional details of a port
ASIC 504 will be described 1in accordance with at least some
embodiments of the present disclosure. The port ASIC 504
may correspond to a transmission port ASIC 504 and may be
similar or i1dentical to a port ASIC 304, 316 and/or a TX
MAC 204 without departing from the scope of the present
disclosure.

The transmission port ASIC 504 may include a number of
components that facilitate the transmission of data streams
in accordance with at least some embodiments of the present
disclosure. In particular, the transmission port ASIC 504
may 1nclude a plurality of ports 508a-N along with a
plurality of additional circuits configured to process infor-
mation from the various ports 308a-N. Each of the ports
508a-N may be provided with a first transmission (Ix) MAC
512a and a second Tx MAC 35125b. The first Tx MAC 512qa
may be directly connected with a replication circuit 520
whereas the second Tx MAC 51256 may be connected with
the replication circuit 520 via a mapping circuit 516. The
mapping circuit 516 may be configured to map inputs from
the second Tx MAC 51256 1nto a format consistent with the
first Tx MAC 512a. As a more specific but non-limiting
example, the first Tx MAC 512q may utilize XGMII pro-
tocols to communicate with the replication circuit 520
whereas the second Tx MAC 5125 may utilize 10M/100M/
1G communication protocols or some other communication
protocol different from the first Tx MAC 512a.

The mapping circuit 516 cnables the mapping of the
second protocol to the first protocol. More specifically, the
mapping circuit 516 may be configured to perform a proto-
col mapping that enables the replication circuit 520 to
receive data streams from both Tx MACs 512a, 5125 1n a
common format (e.g., either the first protocol format or the
second protocol format). As a more specific example, the
mapping circuit 316 may be configured to perform reference
clock conversions, frequency conversions, packet insertion,
packet removal, or combinations thereol to map the first
protocol to the second protocol within each port 508a-N.

The replication circuit 520 may be configured to perform
data replication on the data streams received from one or

both Tx MACs 512a, 5125 to ensure that data rates of any
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particular port match the data rates of other ports 508. In
particular, the replication circuit 520 may reproduce data
packets, blocks, bits, or other representations of data from
the Tx MACs 512a, 51256 a predetermined number of times
to slow down the data transmission rate as appropriate.
According to some embodiments, the replication circuit 520
may reproduce the data anywhere from 10 to 1000 times,
depending upon the communication protocol(s) employed.

The replication circuit 520 provides its output to the PCS
layer 524 at each port 508a-N. The PCS layer 524 may
encode the data within each port 308a-N and then send data
to the block interleave circuit 528 1n batches of a predeter-
mined size (e.g., 64 bits to 66 bits), depending upon the
protocol used. Each PCS layer 524 of each port 508a-N
provides 1ts output to the block interleave circuit 528. In
some embodiments, the block interleave circuit 528 inter-
leaves the data received from each of the ports 508a-N 1n a
round-robin fashion, starting with the first port 508a, then
the second port 50856, until 1t reaches the last port S08N.
After data has been interleaved from the last port S08N, the
block interleave circuit 528 returns back to the first port
508a to recerve the next batch of data therefrom. The block
interleave circuit 528 enables data from multiple ports (e.g.,
2,4,6,8, ..., e¢tc.) to be transmitted via a single line/wire.
Such an architecture helps to minimize the size of an I1C chip
used to enable such data transmission and/or reduce overall
hardware costs associated with producing such an IC chip.

Data from each of the ports 508a-N 1is interleaved by the
block interleave circuit 528 and then provided to a scrambler
circuit 332, which perform a scrambling operation on all of
the received data. The scrambler circuit 532 1s used to
scramble the data and make all of the data from each of the
ports 508a-N appear as 1 1t 1s originating from a single
MAC.

Following the scrambling operation, the scrambled data 1s
provided to an AM insertion circuit 536. The AM 1insertion
process 1s performed to enable port delineation at the
receiving side of the data transmission system. In some
embodiments, the AM 1nsertion circuit 536 mampulates the
data stream received from the scrambler circuit 332 by
inserting one or more AM 1intervals. AM 1nsertion may occur
once every predetermined number of blocks. For instance,
AM 1nsertion may occur once every 16400 blocks. In a
situation where the ASIC 504 includes four ports 5084,
5080, 508c, 5084 (e.g., where N=3), the AM 1nsertion circuit
536 will insert four (4) AMs, with a spacing of 16400 blocks
between each AM.

The process of serting one or more AMs into the data
stream may result 1n a removal of one or more IPG columns
from an IPG interval. The output of the AM 1nsertion circuit
536 1s provided to a gearbox circuit 340, which 1s configured
to appropriately convert the data for eventual transmission
over the transmission line 552 1n accordance with the data
rates defined for the transmission line 552. For instance, the
gearbox 540 may convert a data stream or collection of data
streams having a particular clock frequency and parallel
interface of a particular bit-width into a different number of
data streams having a diflerent clock frequency and a
different bit-width. The transmission frequency used for the
transmission line 552 (e.g., the MDI 232) may vary depend-
ing upon the protocol used.

The output of the gearbox 540 1s prowded to a transmis-
sion buller 544, which approprately buflers the received
data until the data 1s ready for processing by the SERDES
548. The transmission bufller 544 may correspond to any
type of known data bufler and may utilize any type of bufler
memory. In some embodiments, the transmission builer 544
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corresponds to a FIFO bufler and operates on a first-in-first-
out basis. Of course other types of bullers may be used and
any type ol bulfler memory device can be used for the
transmission builer 544.

The SERDES 548 1s configured to perform final data
serialization processes on the data stream recerved from the
transmission builer 5344. The SERDES 548 may include one
or more circuits such as shift register circuits, equalization
circuits, amplifier circuits, digital-to-analog converter cir-
cuits, analog-to-digital converter circuits, filter circuits, and/
or data latches. The output of the SERDES 548 1s provided
to the transmission line 552 for transmission across a
communication network 104.

With reference now to FIG. 6, additional details of a port
ASIC 604 will be described 1n accordance with at least some
embodiments of the present disclosure. The port ASIC 604
may correspond to a receive port ASIC 604 and may be
similar or identical to a port ASIC 304, 316.

The receive port ASIC 604 may include a number of
components that facilitate receiving and processing of data
streams 1n accordance with at least some embodiments of
the present disclosure. In particular, the receive port ASIC
604, much like the transmit port ASIC 504, may include a
plurality of ports 608a-N along with a plurality of additional
circuits configured to process mformation for the various
ports 608a-N. Each of the ports 608a-N may be provided
with a first receiver (Rx) MAC 612q and a second Rx MAC
612b6. The first Rx MAC 612aq may be directly connected
with a de-replication circuit 620 whereas the second Rx
MAC 6126 may be connected with the de-replication circuit
620 via a mapping circuit 616.

Each port 608a-N 1s also shown to include an IPG repair
circuit 622. The IPG repair circuit 622 may be configured to
perform an IPG repair function to help correct any violations
of IPG mterval size introduced to the data stream by the AM
insertion process. In some embodiments, the IPG repair
circuit 622 1s configured to insert one or more IPG columns
upon detecting that an IPG 1nterval has violated a minimum
threshold amount of IPG columns (e.g., the removal of IPG
to accommodate the AM 1nsertion process resulted in a
removal of too many IPG columns in violation of the
protocol requirements). The IPG repair circuit 622 mnserts an
appropriate number of IPG columns to bring the data stream
back mto compliance with the communication protocol
being employed prior to providing the data stream to the
MACs 612a, 612b6. Additional details of the functionality of
the IPG repair circuit 622 will be described 1n connection
with FIGS. 7TA-7C and 8. Although FIG. 6 depicts the IPG
repair circuit 622 as being positioned between the PCS layer
624 and de-replication circuit 620, 1t should be appreciated
that the IPG repair circuit 622 can alternatively be posi-
tioned above/behind the de-replication circuit 620. In other
words, the IPG repair circuit 622 may be positioned between
the de-replication circuit 620 and the mapping circuit 616/
Rx MACs 612a, 6125.

Certain components of the ports 608a-N may be similar to
similarly-named components of the ports 508a-N, except
that the components of ports 608a-N are connected in
reverse to perform a reverse processing of the ports 508a-N.
For instance, the mapping circuit 616 maps the communi-
cation protocol back to the second protocol whereas the
mapping circuit 516 was used to map the communication
protocol from the second protocol to the first protocol
(consistent with the protocol used by the other MAC). As a
more specific but non-limiting example, the first Rx MAC
612a may utilize XGMII protocols to communicate with the
de-replication circuit 620 whereas the second Rx MAC 6125
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may utilize 10M/100M/1G communication protocols or
some other communication protocol different from the first
Rx MAC 612a. As such, the mapping circuit 616 may map
the protocol back to 10M/100M/1G from the XGMII pro-
tocol. The de-replication circuit 620 may undo the replica-
tion of data provided by the replication circuit 520. Simi-
larly, the PCS layer 624 may decode the encoding that was
performed by the PCS layer 524.

As mentioned above, the primary difference between the
ports on the transmit side and the ports on the receive side
1s that the ports on the receirve side include an IPG repair
circuit 622 to help correct any situation where an IPG
interval has too few IPG columns (e.g., violates a minimum
IPG size threshold). In some embodiments, functionality of
the IPG repair circuit 622 may be incorporated into the PCS
624 and/or data de-replication circuit 620. As a non-limiting
example, some combination of the de-replication circuit
620, the IPG repair circuit 622, and the PCS 624 may be
configured to receive and temporarily store data from the
block de-interleave circuit 628. Upon recerving a block of
data, the counter may be utilized to begin counting down and
enabling the IPG repair circuit 622 to search for IPG size
violations. If a violation of the minimum IPG interval size
1s detected, then the IPG repair circuit 622 may correct the
IPG 1nterval by adding one or more IPG columns back to the
IPG 1nterval.

Independent of any IPG repair correction events over a
specified number of blocks, the IPG repair circuit may
ensure that the write/read pointer relationship (1.e. pointer
separation) of the FIFO, within, maintains a healthy sepa-
ration to prevent data corruption. This 1s achieved by
employing an IPG repair window counter that serves to
demarcate between the IPG repair of violated IPG intervals
and that of the FIFO write/read pointer relationship. The IPG
window counter 1s configured to a predefined 1mitial value
and decrements by one upon receiving a block of decoded
traflic (e.g. XGMII word). While the IPG repair window
counter 1s non-zero, the IPG repair circuits 1s continuously
detecting and correcting any IPG intervals 1n violation of the
minimum IPG threshold. Once the IPG repair window
counter expires (1.¢. counts down to a value of zero), then the
IPG repair circuit advances to the write/read pointer repair
mode. While 1n this mode, 1t will add as many IDLE
columns as necessary to adjust the write/read pointer rela-
tionship to a predefined pointer separation value. Once this
1s achieved, then the IPG repair counter 1s configured back
to the predefined imitial value, thereby, causing the IPG
repair circuit to repeat the actual repair mode; 1.e. continu-
ously detecting and correcting any IPG intervals 1n violation
of the mimmimum IPG threshold. (NOTE: The removal of the

AMs causes a write/read FIFO clock frequency difference,
which causes the FIFO’s pointers to drift apart from their
initial reset separation value. In addition, the IPG repairing
of IPG intervals 1n violation of the minimum threshold value
will also cause the FIFO’s pointer relationship to adjust.) For
any given IPG repair window duration, there are three
possible scenarios of the two modes of the IPG repair circuait:
1) IPG repair circuit performs enough IPG repair corrections
on N-number of violated IPG intervals, such that the write/
read FIFO pointer relationship are in an ideal state; 2) the
traflic 1s such that there are no IPG intervals violating the
minimum threshold amount (1.e. no IPG corrections),
thereby causing the write/read pointer repair mode to fix the
pointer relationship; and, 3) IPG repair circuit performs
enough IPG repair corrections on N-number of violated IPG
intervals, however, the write/read pointer repair mode 1s still

required to {ix the remaining pointer relationship delta.




US 11,082,539 B2

11

Prior to each port 608a-N receiving data, however, the
data stream received at the receive line 6356 should be
processed to reverse the operations performed by the other
components of the transmission port ASIC 504. In particular,
the receive port ASIC 604 1s shown to include a SERDES
652, a gearbox 648, a receive buller 644, a synchronization
circuit 640, a drop AM circuit 636, a descrambler circuit
632, and the block de-interleave circuit 628. The data
received at the receive line 656 1s deserialized (e.g., paral-
lelized) by the SERDES 652 and then provided to the
gearbox 648, which adjusts the so-called “gear ratio” of the
data from the receive line 656 to an appropriate speed and
number of channels for processing by the other components
of the ASIC 604. As a non-limiting example, the gearbox
648 may convert the data back from a 32 bit data stream to
a 66 bit data stream (whereas the gearbox 544 converted the
data from a 66 bit data stream to a 32 bit data stream).

The output of the gearbox 648 1s provided to the receive
butler 644, which may be 1n the form of a FIFO builer 644.
In some embodiments, the recerve buller 644 1s an asyn-
chronous FIFO bufler that serves as the clock boundary
between the network and the receive port ASIC 604, which
1s configured to operate using the PCS 624 clock domain
rather than the network clock domain.

Data from the receive bufler 644 1s provided to the
synchronization circuit 640. The FIFO circuit 644 utilizes
the non-scrambled sync header of the encoded/scrambled
payload of the received block 1n order to align to the block
boundary. For example, the block could be made up of a
non-scrambled 2-bit sync header and a scrambled 64-bit
payload, resulting 1s a 66-bit block. In addition, the periodi-
cally inserted AMs are 1n 66-bit format, but the entire 66-bits
of each of the four AMs are not scrambled. The synchroni-
zation circuit 640 searches for and detects the fixed and
periodically inserted AMs and locks to them.

In some embodiments, an AM may include a 2 bit
synchronization header having a predetermined format (e.g.,
a “01” or “107) that helps to ensure the boundaries of
encoded data are properly maintained and to facilitate port
delineation. The AMs inserted at the transmit side are not
encoded at the transmit side and, therefore, provide a quick
and eflective mechanism for identitying boundaries of data
received from different transmit ports 508a-N (for eventual
assignment to corresponding receive ports 608a-N). After
the synchronization circuit 640 has processed the recerved
data, the drop AM circuit 636 removes those AMs previ-
ously inserted by the AM insertion circuit 536, thereby
leaving only the encoded data for further processing.

The data stream 1s then de-scrambled by the de-scrambler
circuit 632. In some embodiments, the de-scrambler circuit
632 applies a reverse algorithm to the scrambling algorithm
applied by the scrambler circuit 532. The de-scrambled data
1s then de-1nterleaved by the block de-interleaver circuit 628.
The block de-interleaver circuit 628 distributes the data from
a single stream onto the plurality of ports 608a-N. The data
distribution among the ports 608a-N may occur 1n a round-
robin fashion (following the interleaving process performed
at the transmit side) without departing from the scope of the
present disclosure.

Each port 608a-N receives data from the block de-
interleaver circuit 628 and utilizes the PCS layer 624 to
decode the data prior to placing the decoded data onto the
IPG repair circuit 622 and then the de-replication circuit
620. At this point, the data will be provided to the different
Rx MACs 612a, 6126 depending upon which protocol 1is
currently being used at each port 608a-N. Thus, each port
608a-N can support multiple protocols without departing
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from the scope of the present disclosure. The data provided
to the appropriate Rx MAC 612a, 61256 may be similar or
identical to the data provided by the corresponding Tx MAC
512a, 512b of a corresponding port S08a-N.

With reference now to FIGS. 7TA-C and 8, additional
details of the operation of the IPG repair circuit 622 will be
described 1n accordance with at least some embodiments of
the present disclosure. In particular, a method 800 of per-
forming an IPG repair function will be described with
reference to an illustrative data stream 700 having a plurality

of blocks.

The method 800 begins with the IPG repair circuit 622
performing an analysis of incoming blocks on the data
stream 700 (step 804). The IPG repair circuit 622 determines
il an IPG repair window counter has decremented from a
predetermined value down to zero (step 808). If the IPG
repair window counter has lapsed (e.g., the query of step 808
1s answered athirmatively), then the IPG repair circuit 622
determines 1f an IPG interval 1s detected 1n a block 712 of
the data stream 700 (step 812). If not, the method 800 returns
to step 804. I1 so, the method continues with the IPG repair
circuit 622 inserting one or more IDLE column(s) to fix a
write/read FIFO pointer separation (step 816). The IPG
repair circuit 622 then sets an IPG repair window counter
back to the initial predefined value (step 820).

Referring back to step 808, 1f the IPG repair circuit 622
has not completely decremented the IPG repair window
counter, the method 800 continues with the IPG repair
circuit 622 decrementing the IPG repair window counter by
a predetermined value (e.g., one) (step 824). Thereatter, the
method 800 continues with the IPG repair circuit 622
determining 1f an IPG interval has been detected (step 828).
Alternatively or additionally (1n step 828 and/or step 812),
the IPG repair circuit 622 may search for other types of data
blocks 712 or columns 716 within the data stream 700 in
connection with searching for an IPG interval violation. If
no IPG interval or other type of predetermined data block
712 or column 716 1s detected, then the method returns to
step 804.

As shown 1n FIG. 7C, each data block 712 may also be
represented as a data column 716. A data column 716 may
include a plurality of rows 720a, 72056, 720c, 720c¢. Each
different type of data column 716 may have diflerent rows
of data. As a non-limiting example, XGMII traflic may
include four octets per data block 712. In other words, four
octets may constitute an XGMII 1nterface, which may alter-
natively be referred to as an XGMII column 716. Continuing
the non-limiting example, a starter block “S” includes a
starter character *“/S/” 1n the first row 720qa followed by three
rows of data “/d/” characters. The starter block “Sa” depicts
an output of the replication 520 of the starter block “S,” and
includes an identifier “aa’ in the first row 720a followed by
three rows of data **/d/” characters. A data column block “D”
includes four rows of data */d/” characters. An 1dle block “I”
includes four idle */1/” characters. A terminate block 17
may be provided 1n four different variants. A terminate block
“T”” 1s provided to represent an end of a set of data blocks
belonging to a common data set (e.g., a data packet). It all
data for a data packet can be evenly filled with only data
columns, then the first terminate column TO can be used. The
first terminate column TO provides no additional data for the

data packet represented in the previous data blocks. Thus,
the first terminate column TO includes a terminate “/1/”
character 1n the first row 720a followed by three idle */1/”
characters. Thus, the first terminate column TO i1nherently
provides three 1dle *“/1/” characters betfore the preceding idle
block will provide an additional four idle *“/1/” characters.
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The second terminate column T1 accommodates one addi-
tional data character 1n the first row 720a and then includes
the terminate “/1/” character in the second row 72056 fol-

lowed by two 1dle “/I/” Characters. The Third Terminate
Column T2 accommodates two additional data characters 1n
the first and second rows 720a, 7206 and then includes the
terminate “/1/” character in the third row 720c¢ followed by
one 1dle *“/1/”” character. Lastly, the fourth terminate column
13 accommodates three additional data characters 1n the first

three rows 720a, 7205, 720¢ followed by a terminate “/T/”
character in the fourth row 720d4. Based on the format of
terminate columns, most communication protocols may
require that at least two 1dle blocks follow a terminate block.
In other words, an 1dle block represents an IPG size of 4
bytes (due to the four 1dle *“/1/” characters provided therein).
If a communication protocol has a mimmum IPG interval
s1ze of 9 bytes, for example, then each terminate block “1”
should be followed by at least two 1dle blocks (e.g., two IPG
columns, which inherently provide eight bytes of idle “/1/”
characters). It should be appreciated that an IPG interval
may be larger than the mimimum (e.g., if no traflic exists for
some time between successive packets), but the minimum
IPG 1nterval size 1s used to define a minimum number of IPG
columns (or mimimum size of IPG as measured 1n bytes) 1s
not less than a predetermined minimum value.

Referring back to the method 800, 11 the IPG repair circuit
622 detects an IPG 1nterval 704 at step 828 (or 1dle block “1”
or terminate block “I”"), the IPG repair circuit 622 will
continue by determining if an IPG violation has been
detected within the IPG interval 704 (step 832). In particular,
if the IPG repair circuit 622 detects that less than a prede-
termined minimum number of idle characters (or IPG col-
umns) are not present in consecutive blocks or a terminate
block ““I”” 1s not followed by at least two 1dle blocks “I” to
support the predetermined IPG size, then the IPR repair
circuit 622 will begin the process of repairing the data
stream 700 to bring the stream 700 back into conformity
with the IPG interval requirements (step 836). As a non-
limiting example, one or more 1dle blocks/columns 708 may
be 1nserted into the data stream 700 to repair the IPG interval
704 that was detected as violating the IPG interval require-
ments of the communication protocol. In some embodi-
ments, the terminate block “T” represents the start of the
IPG 1interval. As long as a predetermined number of idle
characters are provided within the terminate block “I™ and
immediately-following idle blocks “I”, the IPG interval
requirements can be accommodated. However, if AM 1nser-
tion or some other process resulted 1n the removal of one of
the 1dle blocks “I”, then the IPG repair function 622 1s
provided with the ability to insert or add back one or more
idle blocks “I” to place the data stream 700 back into
compliance with the IPG interval requirements.

Specific details were given in the description to provide a
thorough understanding of the embodiments. However, 1t
will be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific
details. In other instances, well-known circuits, processes,
algorithms, structures, and techniques may be shown with-
out unnecessary detail i order to avoid obscuring the
embodiments.

While illustrative embodiments of the disclosure have
been described 1n detail herein, it 1s to be understood that the
inventive concepts may be otherwise variously embodied
and employed, and that the appended claims are intended to
be construed to include such varnations, except as limited by
the prior art.
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What 1s claimed 1s:
1. A communication device, comprising:
a first port comprising:
a first MAC configured to operate 1n accordance with a
first communication protocol;
a second MAC configured to operate 1 accordance
with a second communication protocol; and
a mapping circuit configured to translate data for the
second MAC from the first communication protocol
to the second communication protocol;
a second port comprising:
a third MAC configured to operate 1n accordance with
the first communication protocol; and
a fourth MAC configured to operate in accordance with
the second communication protocol; and
an interpacket gap (IPG) repair circuit configured to
detect an IPG interval within a data stream that

violates an IPG interval requirement defined by the

first communication protocol and, in response to
detection of the IPG interval that violates the IPG
interval requirement, perform an IPG repair on the
data stream and bring the IPG interval into compli-
ance with the IPG interval requirement, the data
stream being received over at least one of the first or
second ports.

2. The communication device of claim 1, wherein the IPG
repair circuit detects the IPG interval that violates the IPG
interval requirement by scanming the data stream for a
terminate block.

3. The communication device of claim 1, wherein the IPG
repair circuit 1s configured to perform the IPG repair on the
data stream by adding one or more IPG intervals to the data
stream.

4. The communication device of claim 1, wherein an
alignment marker (AM) isertion circuit i1s configured to
remove at least one 1dle block and replace the removed at
least one 1dle block with an AM.

5. The communication device of claim 1, further com-
prising;:

a block de-interleaver circuit configured to de-interleave

data between the first port and the second port.

6. The communication device of claim 2, wherein the IPG
repair circuit further detects the IPG interval that violates the
IPG 1interval requirement by counting a number of idle
blocks that immediately follow the terminate block.

7. The communication device of claam 4, wherein the
removal of the at least one 1dle block causes the data stream
to violate the IPG interval requirement.

8. The communication device of claim 6, wherein the IPG
repair circuit further detects the IPG interval that violates the
IPG 1interval requirement by comparing a number of idle
characters 1n the terminate block and the idle blocks that
immediately follow the terminate block with a predeter-
mined mimmum number of idle characters that are defined
by the communication protocol.

9. The communication device of claim 8, wherein the IPG
repair circuit performs the IPG repair on the data stream by
adding a suflicient number of idle characters following the
terminate block to be equal to or greater than the predeter-
mined minimum number of idle characters.

10. The communication device of claim 9, wherein the
IPG repair circuit 1s configured to add at least one 1dle block
immediately before or immediately after the idle block that
immediately follows the terminate block.

11. The communication device of claim 10, wherein the at
least one 1dle block includes four i1dle characters.
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12. A method comprising;:

operating a first MAC of a first port 1n accordance with a

first communication protocol;

operating a second MAC of the first port in accordance

with a second communication protocol; and

operating a third MAC of a second port in accordance

with the first communication protocol;

operating a fourth MAC of the second port 1n accordance

with the second communication protocol;

receiving a data stream over at least one of the first or

second ports;

analyzing the data stream;

detecting an Interpacket Gap (IPG) interval within the

data stream that violates an IPG interval requirement
defined by a communication protocol used for commu-
nicating data within the data stream; and

in response to detecting the IPG interval that violates the

IPG interval requirement, performing an IPG repair
process on the data stream to bring the IPG interval into
compliance with the IPG interval requirement.

13. The method of claim 12, wherein detecting the IPG
interval that violates the IPG interval requirement com-
Prises:

scanning the data stream for a terminate block; and

counting a number of 1dle blocks that immediately follow

the terminate block.

14. The method of claim 12, further comprising;

removing at least one 1dle block from the data stream; and

replacing the removed at least one idle block with an
alignment marker (AM).

15. The method of claim 12, further comprising: de-
interleaving data between a first data port and a second data
port.
16. The method of claim 13, wherein detecting the IPG
interval that violates the IPG interval requirement further
COmprises:

comparing a number of idle characters in the terminate

block and the 1dle blocks that immediately follow the
terminate block with a predetermined minimum num-
ber of 1dle characters that are defined by the commu-
nication protocol.

17. The method of claim 16, wherein performing the IPG
repair process on the data stream comprises:

adding a number of 1dle characters following the termi-

nate block to raise the number of i1dle characters
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included in the terminate block and the 1dle blocks to a
level that 1s equal to or greater than the predetermined
minimum number of 1dle characters.

18. The method of claim 17, wherein the number of 1dle
characters are added via insertion of an idle block that
includes four 1dle characters.

19. A data transmission system, comprising:

a first port comprising;:

a first MAC configured to operate 1n accordance with a
first communication protocol;

a second MAC configured to operate 1 accordance
with a second communication protocol that 1s dif-
terent from the first communication protocol; and

a mapping circuit configured to translate data for the
second MAC from the first communication protocol
to the second communication protocol;

a second port comprising:

a third MAC configured to operate in accordance with
the first communication protocol;

a fourth MAC configured to operate in accordance with
the second communication protocol; and

a second mapping circuit configured to translate data
for the fourth MAC from the first communication
protocol to the second communication protocol;

a block de-interleaver circuit configured to distribute data

between the first port and the second port; and

an interpacket gap (IPG) repair circuit configured to

analyze a data stream output by the block de-interleaver

circuit to determine whether removal of at least one 1dle
block causes the data stream to break compliance with
an IPG interval requirement of the first communication
protocol and then insert an 1dle block to bring the data

stream back into compliance with the IPG interval
requirement.

20. The data transmission system of claim 19, wherein the
IPG repair circuit 1s configured to count a number of 1dle
blocks in the data stream that immediately follow a termi-
nate block and compares a number of 1dle characters in the
terminate block and the 1dle blocks that immediately follow
the terminate block with a predetermined minimum number
of idle characters that are defined by the first communication
protocol.
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